Plasmid profiling was used to determine the variability of normal flora isolates of Staphylococcus epidermidis in order to evaluate the usefulness of plasmid profiling for identifying pathogens. Fifteen hospital staff members and patients repeatedly had cultures taken from the hands and nares, and multiple isolates were examined for plasmid profiles. S epidermidis isolated from the nares of 15 neonates were also examined. The total number of isolates examined for plasmid profiles was 726. Repetition of profiles was common among the different isolates from a single sampling (one swab). The frequency of re-isolating similar profiles on different days varied from 7% to 13%. Simultaneous isolation of similar profiles from nares and hands on the same individual varied from 0% to ll%, the percentage being lower for personnel. Isolation of the same plasmid profile from different individuals occurred only twice and resulted in an assignment probability of P a = 0.002 for isolates obtained from different individuals. Significantly more isolates from nares contained plasmids (97%) compared with isolates from hands (89%). Patients who had two or more isolates of coagulasenegative staphylococci with similar profiles were judged, clinically, to have infections in 12 of 13 cases. However, the likelihood of re-isolating an S epidermidis strain with a similar plasmid profile twice from the same person at different times was sufficiently high to prevent plasmid profiling from being used as an absolute criterion for infection. 
INTRODUCTION
Coagulase-negative staphylococcal (predominantly Staphylococcus rpidermidis) infections are increasingly important nosocomial infections, associated especially with indwelling devices. l However, coagulase-negative staphylococci also commonly contaminate cultures sent to microbiology laboratories. Isolation of coagulase-negative staphylococci from blood cultures in particular requires care in differentiating contamination from true hacteremia.2 A number of epidemiologic markers have been studied for their utility in identifying strains causing true infection, including antihiogran~s,l~"--' phage typi*jg,l.3s4 and plasmid profiling. *m5 Of these, plasmld profiling seems to he the most discriminating, although it is more expensive and less available than antihiograms. Plasmid profiling has recently been shown to be limited in its ability to identify strains: clinical isolates considered to he clonally derived based on other criteria had different plasmid profile9; plasmids of the same size may he difl ferent when analyzed by restriction enzyme digests or by hybridization to a known toxin gene. 6 A recent study has suggested that two isolates of S epidermi&s with identical plasmid profiles from blood cultures indicates infection. 2 This conclusion was based on the variety of plasmid profiles of S rpidermidis isolated from skin flora of patients sampled before and after surgery. They found that the isolates from these two samplings for each individual always had unique profiles. Therefore, re-isolation of-an S epidermidis with the same profile was considered indicative of a pathogen.
We wanted to examine the conclusion that re-isolation of isolates with the same plasmid profile identified a pathogen by determining if S epidermidis with the same plasmid profile could he isolated more than once from normal cutaneous flora. Since S epidermidis is the primary coagulase-negative staphylococcal pathogen, the study was confined to isolates of's epidermidis. We also wanted to compare the variety of plasmid profiles in S e,bidermidis among individuals to evaluate the likelihood of isolating strains with the same plasmid profile from different unin-fected individuals who are not involved in outbreaks. Additionally, we wanted to determine whether the S e@-dermidis colonizing patients at the City of Faith Hospital, Tulsa, which is only six years old and has about 30% outof-state patients, contains plasmids as frequently as those reported in other studies (79% to 93%).*,',s We therefore chose a relatively small number of patients and staff members from our hospital and sampled them repeatedly. We also wanted to examine the variety from a single sampling and therefore analyzed five isolates from each sampling.
We chose to sample the hands, a site most likely to be colonized by transient flora that are transmitted between individuals, and nares, a site colonized by resident flora and unaffected by normal washing and hospital disinfection. The nares are colonized almost exclusively by S epidermidis in the absence of predominant Staphylococcus aureus colonizationY and both hands and nares of hospital personnel may carry multiply resistant S epidermidis.lo We chose the neonatal unit and the intensive/intermediate care unit of the hospital, since patients from these units are at high risk of coagulase-negative staphylococcal infections.'J1J2 None of these patients contracted infections during the course of our study. During our study, we also performed plasmid profiles on all positive blood cultures obtained by the microbiology lab if there were two or more positive cultures from the same patient. These isolates were not identified according to species. The plasmid profiles of isolates from uninfected patients were compared for each patient and among patients. The plasmid profiles of isolates from positive blood cultures were used to predict the presence or absence of clinical infection and were compared with the assessment by clinical criteria.
METHODS

Survey Isolates
Bacterial samples were obtained from patients and staff in the neonatal or intensive/intermediate care unit for a period of one month each at the City of Faith Medical Center in Tulsa, Oklahoma. It was our intent to sample all newborns, whether born vaginally or by cesarean section, at birth and at discharge; however, some newborns were sampled only at birth or only at discharge. Surgery patients were selected by the criteria of an expected hospital stay of at least two days and willingness to participate in the study. All patients meeting these criteria over the onemonth period were included in the study.
Specimens were obtained from the anterior nares of infants by using minitip Culturette swabs (Marion Scientific). Specimens were obtained from nurses and physicians from the anterior nares and from the palm and fingers of both hands by swabbing with cotton swabs. Separate swabs were used for the nares and for both hands. The samples were stored in transport medium and all were cultured within 48 hours of collection.
Cultures were obtained twice weekly for four weeks from hands and nares of hospital personnel in the intensive care/intermediate care unit. Cultures from surgery patients in this unit were obtained from hands, nares, wound, and catheter sites before surgery, two days after surgery, and every two to four days until discharge.
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The hands and nares of personnel from the neonatal unit were cultured weekly for four weeks. The nares of infants were cultured at birth and at discharge.
Culture Conditions
Isolates from each sampling (a single swab) were cultured on mannitol salt agar (MSA) and trypticase soy agar (TSA). Five catalase-positive, non-acid-producing colonies were chosen from the MSA plate. If five colonies were not isolated on the MSA, the additional colonies were chosen from the TSA plate. Catalase-positive colonies from TSA plates were tested with the BBL Staphyloslide (BBL Microbiology Systems, Cockeysville, MD) reagent to identify and exclude S aureus, if the corresponding MSA plate grew S aureus (acid-producing). Colonies of S epidermidis were identified by their fermentation pattern on purple agar plates containing 1% sucrose, trehalose, or maltose. Acid production from sucrose and maltose, but not trehalose, indicated S epidermidis.'" Characterization continued until live isolates of S epidermidis were identified from each sampling (or until colonies were exhausted).
Clinical Isolates
Samples were obtained from the clinical microbiology laboratory over the course of the project and included all isolates of coagulase-negative staphylococci from patients with two or more positive samples. These samples included blood, catheter tip, urine, and wound cultures. Samples were taken from the original Bauer-Kirby or purity plates.
Clinical criteria for distinguishing a true infection from a false diagnosis based on contaminated blood cultures included the presence of one or more of the following signs: (1) fever, otherwise unexplained; (2) elevated white blood cell count, otherwise unexplained; (3) physical signs of endocarditis, arthritis, or other potential source of staphylococcal bacteremia; (4) a high percentage of total number of cultures positive, especially repeatedly positive; and (5) if catheter or IV in place, appears infected with purulent discharge or local cellulitis.
Plasmid Isolation
Plasmid DNA was isolated by a modification of the procedure of Tompkins. l4 Instead of 1 mL of liquid culture, 5 mL was used, with a proportionate increase of all further reagents. An 8.7% (wt/vol) solution of SDS in 0.2N NaOH was substituted for solution 2. Lysostaphin digestion was combined with lysozyme digestion by including 1 mg/mL lysosaphin (Sigma) in solution 1 (stock solution of 10 mg/mL in 10 mM tris, pH 8.0). 'The incubation was carried out at 37 o instead of on ice. This protocol was followed by an RNase digestion: 55 PL RNase solution (2 mg/mL RNase in 0.1 N NaCl, pretreated in boiling water bath 10 minutes) was added to the resuspended pellet (250 ILL) and incubated 5 minutes at 37 o . The DNA was stored frozen.
Agarose Gels
Agarose gels (SeaKem LE, FMC Corp, Rockland, MA) used for screening were 0.7% and run in 0.04 M tris-EDTA, pH 7.9,O.OOl mM EDTA, at 55~ for 1.5 hours. All samples were rerun for comparison on 1.0% agarose gels at 55v for 4.5 hours for better resolution. The tracking dye was 0.7% bromophenol blue, 33% glycerol, and 7% SDS. Ten uL of tracking dye was added to 25 PL of sample before application to the gel. Gels were stained with ethidium bromide and photographed under ultraviolet light.
Plasmid profiles were compared visually by inspection of photographic negatives on a light box. Comparisons were made throughout the study and re-evaluated at the end of the study by the same person (S.H.Y.). Plasmid profiles were considered similar if they were identical or differed only slightly, such as a minor band appearing next to a major band, or if slight differences were observed in migration. Profiles not similar were considered distinct. Unique profiles were distinct profiles not found in isolates from another location or in isolates from another individual.
Antibiotic Panel
The panel of Hartstein et al 5 was used with antibiotic discs from Baltimore Biological Laboratories (BBL) in a Bauer-Kirby susceptibility assay. The antibiotics used were: chloramphenicol (30 ug), clindamycin (2 pg), gentamicin (10 l,t.g), kanamycin (30 pg), oxacillin (1 pg), penicillin (10 units), tetracycline (30 pg), tobramycin (IO pg), and sulfamethoxazole (23.75 pg) with trimethoprim (1.25 w.
Variety of Plasmid Profiles
Isolates containing no plasmids were not considered distinct but were included in the total number of isolates. "Variety among individuals" was calculated by dividing the sum of distinct plasmid profiles unique to each individual by the total number of distinct plasmid profiles from all individuals. The numerator for "variety" among individuals" was determined by subtracting from the number of distinct profiles those that were the same among individuals. Variety between sites on the same individual was calculated by determining: (1) the number of distinct plasmid profiles from each individual, and (2) the number of unique profiles from each site from each individual. The sum of these numbers [(2)] from all sites for all individuals divided by the sum of total distinct profiles from all individuals [(l)] determined variety. A profile that appeared at both sites on the same individual thus resulted in a subtraction of one from the numerator.
Recurrent Profiles
All distinct plasmid profiles from a given group of individuals (eg, ICU/IMC nurses) were examined for their appearance from the same individual at two or more sampling dates. Those that were found to recur are expressed as a percentage of the total number of distinct profiles.
Simultaneous Isolation of Profiles
All distinct plasmid profiles for a group were examined for appearance at a different site on the same individual at the same time. Those found are expressed as a percentage of the total number of distinct isolates.
Examples of plasmid profiles considered similar and different. Lanes 1 and 2 show two plasmid profiles that were judged similar. Although there is a difference in intensity between the two lanes, all bands are matched at their positions. Lanes 3 through 5 show three samples run on the same gel that were each judged different from the others. Lanes 6 and 7 show two samples that appeared similar when run on different gels, but were different when rerun side by side. The differences in mobility and intensity of the bands are not consistent with the profiles being the same.
Assignment Probability
Assignment probability (P a ) among individuals was calculated by the method of Christensen et all5 The total number of isolates (397) was taken as n; the number of categories was the number of distinct plasmid profiles among individuals (395). Two categories had two members (shared profiles among individuals) and all the other categories had one member.
Significant Differences
Significance was determined by the chi-square test with the Yates' correction factor applied. 16 
RESULTS
Normal Flora
A total of 726 isolates of S epidermidis from 30 individuals were analyzed for plasmid profiles. Of these, 6.8% contained no plasmids, 7.7% contained one plasmid, and 85.5% contained two or more plasmids. A statistically significant difference (P<O.O05) between isolates from hands (239 isolates) and nares (410 isolates) was found: 97% of isolates from nares contained at least one plasmid, compared with 89% for hands. Each profile was compared individually to all other profiles. In cases where two profiles from different gels seemed similar, the samples were rerun on the same 1% agarose gel. The figure shows an example of similar and different plasmid profiles.
The results of similarity comparisons within various groupings, expressed as "variety," which reflects the number of distinct plasmid profiles, is shown in Table 1 .
In addition, Table 1 shows that variety among plasmid profiles is a great among individuals: only twice was the same profile found on different individuals. This result can be calculated as a probability assignment (probability of assigning two random isolates to the same category) of P, := 0.002 by the method of Christensen et al. 15 This is lower than the value of P;, = 0.028 (36 isolates into 36 categories) previously determined for plasmid profiling. 2 As previously observed, 2 much less variety was found within a group of five isolates from the same sampling. Of 123 samplings that each yielded five isolates with no more than one zero-plasmid isolate, similar plasmid patterns were found for two isolates in 35% of the samplings, three isolates in 25%, four isolates in IO%, and all five isolates in 4%. Also, 7% of the samplings produced two sets of two similar profiles, and 2% of the samplings produced a set of three and a set of two similar profiles.
The percentages of recurrent and simultaneous profiles are shown in Table 2 . The rate of re-isolation of distinct profiles ranged from 7% to 13% among the different groups of people. Eighty-seven percent of these were from the same site. No simultaneous, similar profiles were found for any nurse, reflecting that few of the nurses' hand samples yielded isolates. Physicians had a 4% simultaneous isolation rate, while paiients had an 11%) rate, about the same as their recurrent rate. From the ICUi IMC patients, 7 out of-I9 recurrent profiles were found at wound or catheter sites (142 total distinct profiles; 50 distinct from wound and catheter). Six of these seven also were found in nares samples. Of 16 profiles isolated simultaneously from two sites, ten were found at wound or catheter sites, and five of them were also fbund in nares samples.
Clinical Isolates
Plasmid profiles from clinical specimens for individual patients were compared for similarity without knowledge of the clinical assessment of infection. If two or more plasmid profiles from different samplings of an individual were the same, it was considered a positive prediction for the presence of coagulase-negative S'tuphylococcus infection. Twelve of 13 positive predictions made were confirmed from the infection control listings based on the clinical criteria for true infections. Six other infections were recorded clinically that were not preclicted from plasmid profiling; each of these six had only two isolates, which had different plasmid profiles. All of the confirmed, positive predictions that had three or more isolates (7 out of 12) also had some profiles that did not match the recurrent profile. Five of the clinically confirmed, positive predictions were for patients for whom only two plasmid profiles were obtained. One patient yielded two sets of re-isolated plasmid profiles.
DISCUSSION
Our general purpose was to evaluate the significance of isolating S epidermidis with the same plasmid profile either from the same or diff.erent individuals. Re-isolation from the same individual would bear upon the interpretation of multiple blood cultures positive for S +k!ermzidis; isolation of'S r~pidermidis with the same plasmid profile between individuals would bear on epidemiologic studies. Our specific goals were to: (1) determine whether the percentage of S epi&rmi& isolates containing plasmids was the same at this university hospital as for previous studiesZT7,H; (2) determine the likelihood of re-isolating S epidennidis with the same plasmid profile from normal flora of the same individual; and (3) determine the variety of plasmid profiles fi-om the S epidermidis of normal flora among individuals. Consequently we selected relatively few individuals (30) and sampled their nares and hands repeatedly and thoroughly: each sampling was analyzed for five isolates of S $dermidis. Half of the individuals were neonates who were sampled a maximum of two times; therefore, most repeated samplings came from 15 individuals (six patients, five nurses, four physicians). The total number of isolates examined, however, was large (726).
We found that S epiderm.idis isolates from our hospital contained plasmids at frequencies similar to previous reportsY,X with 93% containing at least one plasmid.
We did not exhaust the variety of plasmid profiles on individuals, but we did demonstrate re-isolation of profiles from the same individuals. Variety from each individual was great (Table l) , but re-isolation of the same plasmid profile, at different times (not always from the same site), occurred for about 10% of the total distinct plasmid profiles ('l>ble 2). The rate of simultaneous isolation from patients was almost as h,igh as their recurrent rate; the lower rate for staff, especially nurses, may reflect frequent INFECT CONTROL HOSP EPIDEMOLIVol. 9. No. 10 handwashing. Consequently, there is an unlikely but real possibility that the same strain of S epidermidis could be reisolated from repeated blood cultures and be only a contaminant. We made one positive prediction that was not confirmed by clinical criteria. This case could represent a re-isolated contaminant. We also found two pairs of similar plasmid profiles from a patient with a clinically recorded infection. If only one of these was the pathogen, the other mig.ht be a re-isolated contaminant. The fact that we could isolate the same profile from different sites and at different times from one individual means that the possibility of re-isolation of a contaminant must be considered.
Our results confirm those previously reported, 2 but demonstrate that limits exist to the variety of S epiderm.idis from skin, which might affect the interpretation of the profile data. Archer et al 2 suggested that multiple plasmid profiles that were all different indicated no significant infection; we concur, as long as three or more samplings are obtained. Although we correctly predicted infections in five patients with only two samples, we failed to detect similar profiles in six patients with two samples who did have infections. We missed no infections for patients with three or more samples. Therefore, we conclude that three positive cultures are necessary to assure a high likelihood of re-isolating the pathogen. Although we did demonstrate that isolates with similar plasmid profiles could be re-isolated from individuals, we also found that 90% of the natural flora isolated were unique. The rate of isolating unique profiles between individuals was even higher (99%). Therefore, in spite of limitations, plasmid profiling . . is useful for nathogen identification from individuals and even more so amolg individuals.
A powerful application of plasmid profiling for the identification of S epidermidis strains is epidemiologic studies. Of all 726 profiles examined, only twice was the same profile found from different individuals (Table 1) (P, = 0.002). Christensen et all5 considered that a useful typing system must have a P, below 0.05. Thus, isolation of the same profiles from different individuals is highly significant.
Hartstein et al" report successfully using an antibiotic panel to make the same predictions as plasmid profiling for identifying pathogens from multiple isolates. We examined our clinical isolates from patients with documented infections with their panel, and found agreement between the two predictions in 8 out of 11 cases; in two, the antibiotic profile was the same and the plasmid profile different, and in one, the opposite. Since the amount of genetic material being screened by the plasmid profile is larger than that being screened by the antibiotic profile, the plasmid profile is probably a more accurate identification of strains.
